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Abstract— This paper presents a data-driven neuroendocrine-PID controller for underactuated systems. Safe Experimentation 
Dynamics (SED) is employed to find the optimum neuroendocrine-PID parameters such that the control tracking performance and 
input energy are minimized. The advantage of the proposed approach is that it can generate fast neuroendocrine-PID parameter 
tuning by measuring the input and output data of the system without using the plant mathematical model. Moreover, the 
combination of neuroendocrine structure with PID has a great potential in improving the control performance as compared to the 
PID controller. An underactuated container crane model is considered to validate the proposed data-driven design. In addition, the 
performance of the proposed method is investigated in terms of the trolley position, hoist rope length and sway angle trajectory 
tracking. The simulation results show that the data-driven neuroendocrine-PID approach provides better control performance as 
compared to the PID controller. 
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I. INTRODUCTION 
An underactuated system is a plant which has less control
actuators than output to be controlled [1]. Nowadays, many 
underactuated systems are widely applied in various
engineering applications such as spacecraft, underwater
vehicle, surface vessel, mobile robot, space robot, slosh system, 
container crane, etc.
So far, a large number of control methods has been widely 
reported in order to handle the underactuated systems. These 
controllers were designed to deal with the underactuated
systems to achieve optimal control in terms of tracking the 
system trajectories. For example, the famous robust controllers 
such as the sliding mode control have been reported to control
container crane [2], [3]. In addition, others popular controller 
for underactuated systems are PID [4], fuzzy logic [5], neural 
network [6], etc.
Most of the aforementioned designed approaches focused
on the model-based controllers which are derived from first
Among various advanced PID controller structures, the
natural creatures, especially the system in human body, provide 
a good control performance in the control system. Recently, 
bio-inspired PID controller, which is neuroendocrine-PID
widely reported and provide high efficiency and better control 
performance compared to PID controller [20][21][22]. The 
neuroendocrine-PID controller has been designed based on 
hormone regulation system modelled by [23]. This controller
has a great potential to improve the performance of the control 
system. However, most of the reported bio-inspired such as 
endocrine controller has been widely applied to a Single Input
Single Output (SISO) systems [20], [21] with linear system.
However, there are few applications of these algorithms to 
Multi Input Multi Output (MIMO) systems in non-linear 
underactuated systems.
This paper aims to explore the capability of the data driven
neuroendocrine-PID controller for tracking of MIMO and 
underactuated plant. The neuroendocrine-PID parameters are 
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